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The Impact of Instructional Technology on Trairing iu the U.S. Army

U.5.DEPARTMENT OF HEALTH,

by EDUCATION & WELFARE
NATIONAL INSTITUTE OF
EDUCATION
David S. Bushnell 1HIS DOCUMENT HAS BEEN REPRO-
uma . OUCED EXACTLY AS RECEIVEL FROM
H n Resources Research organlzation THE PERSON OR ORGANIZATION ORIGIN-

AT T P Onor NECESSARILY REPRE.
: e SoSi110w OR POLICY

Alrost two years ago, former Secretary of Defense James Schlesinger
noted that military training expeaditures exceeded $6 billion annually and
involved no less than 1/6 of all military personnel at any given time (1).
Recoguizing the Defense Department's hcavy iuvestment in manpower, Schlesinger
requested that a Task Force on Training Technology be convened and given the
responcibility of evaluating the effectiveness of DOD training. Their ob-
jective: to recommend ways of reducing costs and increasing effectiveness
of DOD training.

Vorking over a 12 month interval, from July 1974 to June 1975, the Task
Force concluded that too few dollars were being expended on R&D training
techinology (0.05% of the total DOD research outlay) and that, even with this
relatively small investmeat, considcrable progress had been made in prowoting
cost-effective training (2). Furtheraore, they‘fbserved that "“the Services
have pioneered (a) in the use of complex simulatnrs to train personncl to
operate and maintain major weapons systems, {b) in self-paced personalized
methods of instruction, (c) in performance-oriented training, and (d) in
managing the training of very large numbers of individuals" (3). But, they
observe, insufficient attention is being given to collective training, that
is, the training of crews, groups, teams, and units at a decentralized level.
These same sentiments were reiterated four months later when, at the 8th
NTEC and Industry Conference in Orlando, Florida, Army Major General Paul
Gorman, Deputy Chief of Staff for Training, told attendees that "... in this
year of 1975, the Captains of the United States Army and the Marine Corps
face challenges beyond any that gents of their rank have ever faced in com-

' He then went on to say that

bat in the history of the United States.'
both the Army's officers and its enlisted men will be vequired to make in-
creacingly aritical decisions within shorter periods of time (4). The growing
complexity of our weapon systems demands sophisticated training programs

where simulated engagement exercises are usced to polish decision-making

skills. The ecffective operation and maintenaace of taday's weapon systems
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requires increasingly able and experienced personnel. How the Army has
responled to these demands for improved training programs since World War II
is a story well worth the telling.

When Dr, Scanlanl wrote me saveral months ago to preseat a paper on
this tovpic at this first International Learning Technology Congress, I was
delighted to do so. In ii$ own persuasive manner, Dr. Scanland asked if I
would like to address myself to the advances that my organization, Human Re-
sources Research Organizaticn (HwaRRO), has contributed to Army training over
the last 25 years through rescarch and development. As if this weren't
enough, he then sweetened the pot by inviting me to, in turn, invite 3 or &
of my own coileagues to prepare backup papers further detailing HumRRO's close
vorking relationship with the Army and contributions in specific arcas. To
top Lt off, he offered to publish all four papers as parz of the proceedings
of this Conference. Thus, tuch of what follows draws heavily upon thc'contri~
butions of my collecagues with the caveat that some of the rasher generalizatious
which T make later on in my, talk are uniquely my own and do not necessarily

’
.

reflect the views of HumRRO or my assnciates.

For a more complete and carcfully reasoned statement of specific HumRRO
experiences touched on briefly here, I refer you to Mr. Lavisky's historical
review of Army research on training, Drs. McFann and Taylor's discussion of a
developuent of performance-oriented training, and Dr. Caro's reviev of research
on the use of simulators in pilot training.

Since 1951, HumRRO scientists have becn discovering, developing and
applying human factors and behavioral science principles to the improvemant
of training and individgal performance of Army personnel. Perhaps the best
way for me to give you a "fecl" for the impact that our research and devel-
opment program has had on the Army, would be for me to briefly describe Army
developments in (1) basic combat training, (2) advanced training, (3) sup-
port training, and (4) flight training over the last 35 years. T will con-~

clude my vemarks by attempting to identify for you some of the scirinal forces
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vhich have halped to bring about thouse needad improvements iu training
technology. Since the outbreak of World War II, I think you will agree
(l that dramatic progress has been made.
Mr. Lavisky in his companion paper "Army Research on Training:
How it AlLl Began,"observes that before World War II, Army training
was decentralized, highly personalized, and unstandardized. Because
of the small numbar of enlistees each year, recruits 1.re trained
within the regiment which they joined and wer2 likeiy to remain with that
regiment until diSCharg%. Performai.ce standards were set by the regimental

commander., Let me underscore two key terms 1 just used —— decentralized

and highly personalized —-- those are terms that will pop up again in our
discussion. I think it is a reasonably safe cbscrvation that before the on-
set of our involvement in World War II, both the Army and Navy, but partic-
ularly the Army, were faced with limited dollars for training with the
appreaticeship model serving as the priunciple guide. This status reflected
the failure of the military to involve American psychologists and other be-
(h, havioral scientists in military problens between World War I and II with the
possible exception of the improvement of the pePsonnel selection system (5).
( Then, in 1939, the Army was forced to change its approach to training
in order to accommodate the masses of soldiers brought into the Service
through mobilization. Between 1939 and 1941, for example, three incomplete
Infantry Divisions grew to thirty Ipfantty Divisions backed up by six Armored
Divisions., The training model employed was not devcloped through research,
but essentially followed the traditional lecture-oriented, information-cen-
terad, time—constrained approach found in most colleges and public schoobls

at that time. The "pointer/pcdium/poop" approach to Army training was the

product of three factors:
1. The need to train a large nuaber of officers to be used subgse-
quently involved in the training of enlisted personnel resulted in a

heavy reliance on the traditional lecture method. Such a model

was adopted by default. No otheir learning apnroach was around

I
» -

to compete with it.
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Lo T ropid bhulld up of Orees put prossure on nilitary Jeadens
to ¢tandardize subject matter content through the adoption of
field manuals as the focal point of tr&ining. Since such
manuals vere organized around subject matter, the training it-
self was necessarily focused on subject matter. Visual aids
were extensively used, putting even greater cmphasis on passive
listening rather than active involvement in the learning process.

3. The time available for training and the sequence of the ;:EHect

matter were also standardized. Before then, each company, troop,
or battery had its own training schedule determined largely by
the Unit Commander's evaluation of needs and time constraints.
Eventually, however, greater cfficiency and better coordination
was realized through standardizing not only the order of sub-
jects to be taught, but the amount of time devoted to each sub-
ject as well (6).

It would be inaccurate, however, to characterize basic training as
totally lacking in the improvement of pcrformance skills. Target shooiing
and close order drill were common events. Extensive use of Army maneuvers
with simulated battle sounds and conditions was used to help condition Army
units to combat. Few among us will forget that day we were required to
cravl ca our bellies with a full pack under a blanket of live machine gun
bullets. We learned to keep our heads down.

Following World War II, the high cost of ammunition together with mount-
ing evidence that basic training as constituted during the war years had a
negative effect on recruit attitudes toward the Army, resulted in Army
Training Centers adoptingztnew set of procedures directed at increasing the
trainces' identification with his unit and with the Army. It was about this
tice that the lHuman Resources Resecarch Office (HumRRO) began to contribute
to the improvement of basic training through the application of behavioral
and gocial science concepts.

The Army's Adjutant General's Office, with its primary responsibility

for the improvement of personnel selection and placement, continued to focus
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nech of its attention on testing after the war. In 1947, a small cadre of
personnel researchers turned their attention to measuring the results of
basic training and of carcer schooling. By 1950, the Army began to reccog-
nize that it was not keeping pace with either the Navy or the Air Force iu
sponsuing. or benefiting from research on the improvement of human perform-
ance. A staflf study memo dated June 22, 1950 states: '"The annual budget
allocations for research in human resources in the Department of the Army
has been 1% or less of the total rescarch and development budget for the
entire Department of the Army." The upshot of this and other staff studies
resulted in the Armmy co.-ract’'ng with the George Washington University for
the establishwent of HumRRO. Its goals, as shopad by Dr. Harry Harlow, at
that time the Army's Chicf Psychologist, were threefold:
1. To conduct research in the areas of training methods, motiva-
tion and morale, and psychological warfare techniques.
2. To sect up a civilian research staff at a central location
empovered to grant and monitor contracts to educational,
business, and industrial organizations®as well as provide
technical supervision of resecarch conducted at military
installations.
3. To establish in-service research units at appropriate mili-
tary installations who were, in turn, directed to work with
HumRRO's staff oa a collaborative basis,
During the first four years of HumRRO effort, we learncd that the train-
ing context provided the most productive area of focus in attacking morale, .
motivation, leadership and training problems. Roscarch goals were specified
in an Annual. Work Program initially agreed upon by the Army and lumRRO.
Organizationally, three r2search divisions, the Director's office, and sup-
porting services were initially located on the University's cempus and later
in ~lexandria, Virginia. By 1958, five field divisions had been formed and
co-located with military research units at major Army installations through-

out the country. Almost from the beginning, the DumbRO research staff was

H
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augmented by Army persoancl located at the field division sites or detailcd

for work at corporate “eadquarters in Alexandria, Virginia.

Basic Combat Training (BCT)

Anong tue first series of studies conducted by HemRRO was an evaluation
of the impact of basic training on Army recruits (sce, for exarole, 7 and 8).
One of the more significant products of that tesecarch, aimed at increasing
the recruit's idertification with his unit and with the Armry, was the estab-
lishment of a five-week training program for Army D%ill Sergeants., A four-
men HumiRO team worked for several months with Army training personnel to
develop a training program which would telp the Drill Scrpeant learn more
about motivating recruits, developing trainee skills, and building esprit
de corps. Please note that HumRRO personnel did not design such a training
progran in jisolation, but spent scveral months in close collaboration with
Army training personnel, Subsequoently, Army Drill Sergeant schools were
established at a number of Army‘installations.

Another major change in recruit training came about in 1957 when the
Aramy cdopted a rifleman training procedure (both for use during the day and
at night) vhich put stress upon first studying and then simulating the combat
riflemon's job. Before that, marksmanship skills were developed by having a
recruit fire at bull's-eye targets at knoun distances just as he might in
compet itive marksmanship matches. Under the new procedure (9), the trainece
vas taught to gpot and estimate the distance of a pop-up silhouette target
(dubbed Punchy Pete) which dropped when it was hit. Night firing narksman-
ship progtams,ﬂbaséd on the concept of aligning the rifle without w.ing its
sigﬁts= resulted in a 607 to 210% iacrease in accuracy over previous training
methods, Here again, HumRRO rescarchars vorked on-site at all of the major
Arny training locations, including Forts Knox, Benning, Rucker, Bliss and
Ord and, later on, at Fort Hood. Studies were also conducted in the firld
at a varjety of Army operational sites including Burope, Korea, and Viet Nam,
Close collaboration with military personnel helped to ensure adoption and

impleccntation of recommendations derived from the vesearch.

(4
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Most of the BCI studies (and subsequent efforts) had as their origin
a specific, operational! problem. Every effort was then made to generalize
the finding to other comparable situations. Thus the value and utility of
HumllR0 vork tended to fo'.... an experimental curve of usefulness over time.
The degree of success a:hiieved in solving problems was thought to be a
fuaction of timeliness, changes in Army priorities (compatibility with
establishzd practices), skill in communic. ting results to key decision makers,
and characteristics of the innovation itself, e.g., its obvious advantage
over older practices in terms of cfficiency (10). Our close proximity to
and collaboration with Army personnel helped gain acceptance for our find-
ings and recommendations as well as establish the credibility of the HumRRO
effort.

One dramatic illustration of tbis cccurred in 1966 when the Army adopt-
ed a service-wide regulation (CONART Reg 350-100-1) which was used to guide
the develcpment of all training 1.0, ans between 1966 and 1971. This
"systems engineering" apprvach requs d that pretise behavioral objectives
for training be deverloped thr. ¢: . coreful job®analysis and that the spe-
cific subject matter selected »r _he training program be included on th:
basis ol its relevance to the tasks to be performad. Criterion-rcfcrenced
tests, designed to assess individual mastery of various performance objuc-
tives were also introduced (11). Thus up to 1966, HumRRO's integrated ve-
search and development program not only focused on improving basic Li.1ning,
but it was equally concerned with job analysis and evaluation procedures,
the jmprovement of instructional methods, and with developing a brtter
understanding of the learning styles and characteristics of trainees. Test-
ing and evaluation procedures developed ot the same time helped to ensure
that the basic recruit upon completion of basic training could perform the
nccesoaty skills and could demonstrate that he had the knowledge required
of a foot soldier.

Advac~ed Yralning

e i s N

Lven with these advances, much remained Lo be done in the arcas of

Adv.aa. o' Individual Training (ALT) and Support Training (ST). The pattern

8
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adLoted drgig Vorld Var 1L o@ lectere conbtored, swondandizad courses
orianted to group dinstruction persisted in the classroom. ¥Fven in the
periodic renewal of manual skills such as rifle firing, little attention was
given to nore optimal schedules of reinforcement designed to waximize skill
retention, Fortunately, outside the classroom, a number of exceptions
occurred.

After completion of BCI, a recruit sas often assigned to rifle squad
training where techniques of fire and patrolling skills were taught, based
on HumPRO analyses of what a soldicr must know and do in actual combat (12).
In addition, eight fundamental night-operation skills were taught. These
too, were derived from field observations by HumRRO scientists (13).

Had the BCT graduate been assigned to other ALT programs such as Armox
or Air vefense, he would have been presented with on-the-job aids in a
functional context. Here the material to be learned was broken down inte a
step-by-step procadure with specific instructional techniques for use by
recently graduated peer instructo:is. Alr Defense missile gunners were taught
to recognize enemy aircraft thrcugh a procedure developed by HumRRO person—
nel (14). The Combat Development Command recommended that this prototypa

program be adopted for training all forward-arca air defense gunncrs.

Support Training

Recruits graduating from basic training were aiso assigned to non-
combat roles iIn what were called "support" positions. Radio operators, medi-
cal covpsmen, supplymen and cooks all benefited from resecarch on how to
formulate training objectives, select course content, and alternative in-

structional methods and procedures (aimed al increasing training efficiency

1 1,10

and reducing attrition). This "systems engineering approach’” resulted in

<)
a 104 to 15% reduction in training time vhile nmaintaining or enhancing the
performance of graduates.
In 1966, 2 major new recruitment policy was adopted by all the Services.
They agreed to dramatically increase the mumber of lover mental ability re-

cruits accepted into military service. HumlRO was asked to undertake a

3
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serics of studies to determine what effect this policy would have on the
raining and utilization of personnel in the Army. It was feared that the
Arny's continued reliance upon passive classroom lecture and paper and
pencil (normative) tests would prove to be ineffective with lower mental
ability personnel.
Shortly thereafter, college deferrals were abandoned. The resulting

heterogeneity of recruits demanded an even more flexible form of instruction.

Betwzzn 1968 and 1972 the HumRRO R&D effort focused on devising instructional
approaches vhich would accommo l.te widely varying aptitude-lesels. As an
exacple of how this series of new studies were organized, let me describe

in somevhat more detail for you a recent.systems enginecering effoxt of

eight Combat Arms Military Occupational Speciality Codes (¥0Ss). The

Combat Arms Training Board (CATB) of the Army had discovered that those
responsible for training operational units needed assistance in incrcasing
the proficiency level of their non-commissioned officers. Traincrs at the
unit lzvel had neither the mathodology nor the material to conduct adequate
training. The combat arms soldiers were also complaining that they had lit-
tle chance to develop their skills beyond thé“erimentary level. The first
step taken in solving this problem was to attempt a simultaneous systems
engineering of 8 Combat Arms MOSs, We were able to take advantage of the
tashs' commonalities that existed between various duty positions. In this way
the training could be made more efficient if common tasks were identified
and training materials developed once rather than several times by different
combat arms trainers.

In this clustering study, 93 different duty positions were identified
and task inventoriés developed on each. A classification system was used to
permit comparison of the material from each position, The tasks were iden-
tificd by category, such as first aid, land navigation, and tactics. Within
cach category tasks wvere then broken into three levels: (1) fundamental or
those tasks expected to be common to all soldiers in thie Army; (2) branch or
those tasks expected to be common to duty positions in a given branch; and
(3) %0S or those tasks associated with specific duty positions. Task dos~
criptions wverc validated by threce different groups: job incumbents, seniox

NCOs awd officers. Job task data, e.g., job conditions, knowledge and skill

10




3

¢

»
v

g

53’

Aruitoxt provided by Eic:

~10-

St osceats, vese @eveloped foroall taste that vree pertoraxd by 60° oc oore
of the job incumbents. That information was then used to develop training
objectives, training materials, reference manuals, evaluation criteria, and
VUs test questions. The information thus developed proved to be an important
input for curriculum plaaners, training administrators, and training devel-
opers at each of the Combat Arms Schools. This required a whale of a lot of
covidination between the Army, three NumRRO research divisions, and CATB (15).

Fmerging out of the mass of recent research on the training process are
six principles which deserve to be recapitulated here. They are:

1. Performance_based instruction. Student learns the skills

necessary for job performance. Emphasis is on active

L
skill practice, "doing" rather thaa "passive" absorption
of information,

2. Task mastery. Every student is required to reach a stan-

dard of performance in each skill. Asscssment is on a
"go/no-go" basis. The student who does not recach the
criterion level of performance receives additional
practice until he does reach it.

3. Functional context., The student learns in a job-rele-

vant situation. Theoretical or techuical material. is
presented only when it is needed in learning to perform
a skill.

4. Individualization., For various reasons people learn at

different rates. To the extent possible, the traince is
permitted to learn a skill at his own rate.

5. Feadback. If the instructor and curriculum developer
knows a good deal about the student to be taught, instruc-
tional methods can be modificd to be more effective. If
the student knows about his own skill acquisition, he is
motivated to correct errors of inadequate performance.

6. Quality control. To ascertain that the training systeuw is

fuuctioning properly, student performance must be system-
atically assessed at vavious times during and at the end

of training.
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Flieht Trainioy

Before I bring my remarks to a close, I would like to comment on one
othex area of HumRRO research effort: the training of helicopter pilots.
As everyvne knows, aviation training is costly. The high cost of fucl com-
bined with the increasing value and complexity of Army aircraft led HumRRO
to propose to the Army that it attempt to imp.sve its evaluation of pilot
performance and to employ less costly flight truiners in teach’:ng mﬁneuvers.
As a result of this research, the Army helicopter trainee gets his first
taste of rotary-wing flight in a helicopter training device. Men trained

on this device experienced significantly less attrition during the subse-

quont flight training -- only 107 attrition compared with 30% attrition
und.r previous proccdures —- and they make better grades and soloed earlier
(L6).

Paul Caro's excellent review of research on the role of simulators in
pilot trainiug explores those factors which inlluecnce the transfer of simu-
lated training to operational aircraft. Sin factors were shown as having
siguilicant impact on simulator training effectiweness. Simulator design,
visual fidelity, motion fidelity, handling characteristics, etc. were
judged from the vantage point of their influence upon training effectiveness.
Other varizblus such as the scquence of instruction employed, individual
vs. group pacing, training to specified criterion levels, and length of ex-
posurc to tralning on a simulator all need investigation if the proper com-
bination of hardware, training program, and personnel was to be ascertained.
Caro concluded that while simulator training artisans can sometimes produce
spectacular results, there are too few such individuals to develop and con-
tinuously update all of the simulator trainiug programs required by military
and civilian pilot training establishmenté and operational units., He con-
cludes his paper with a plea for more case study reports of simulator train-
ing applications so that conceptual models might be developed for future
applivations and rese:s h  Gathering data on existing simulators and train-

ing piograms wouid, he argues, provide a broad data base for judging the

12
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effwsuiveness of slmulator training. Through this approach extensive savings
night be realized through designing simulators to meet training specifica-
tionsi. One such device, vhose commzrcial procurement costs would have been
ahout $75,000, was fabricated by the Army to HumRRO specifications at a cost
of less than $5,000.

Summary and Conclusion

Vhat began as a decentralized, somewhat individualized and unstaadardized
approach to pre-World War II training has come full circle, While it would
be mi.leading to characteriza today's training principles as identical with
thone followed during the period between 1918-1939, they are parallel in
th: sznse that greater emphasis is now being placed on decentralizeld decision-
noing, expanded use of self-paced and individualized instruction, and greater
flexibility in training approach. What his emerged from a sustained period
of research and development is a more pragmatic, sophisticated approach to
tne orxderly development of Army tralning. Starting with a careful and de-
tailzd analysis of a particular job function and progressing step by step
tirough the specification of necded knowledges and skills to the detcrmination
of treiniug objectives and the organization and evaluation of the training pro-

gran, MumRRO has helped to create a generalizable procedure that has proved to
bz of considerable value as mnew training tasks are undertaken.

In closing, it should be recognized that the procedures just outlin~d are

enly ai good as the learning theory upon which they are based. " The interaction
b:“weun theory and empirical observation, coupled with the involveaent of mili-

tery porsonnel in priority sclting and tbe implemontation of results, has re-

y

sulr

{
~

>4 in an unusually productive and beneficial relationship,
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